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Improved Interrupt Control Device, Method and Program Product 

Background of the Invention 

Field of the Invention 

The present invention relates to an interrupt control device 
for use with an information processing device, along with 
methods for controlling such an interrupt control device and 
program products for executing such methods. In particular, the 
present invention relates to such devices, methods and program 
products for optimizing the timing of interrupts to a central 
processing unit of the information processing device. 

Background 

When an input /output (I/O) device or sub-CPU (Central 
Processing Unit) operates together with a main CPU to perform 
data processing operations or control, the input/output device 
or sub-CPU typically issues an interrupt to the main CPU to 
operate in synchronization with the main CPU (see, for example, 
Published Unexamined Patent Application No. 10-27513 6) . 

Using such a methodology, it can take an ISR (Interrupt 
Service Routine) considerable time to start up and operate after 
an OS (Operating System) running on the CPU receives an 
interrupt, resulting in performance degradation due to delays in 
data transfer or synchronization between the main CPU and an 
input/output device or a sub-CPU. 

One approach to avoiding such delay is to poll I/O devices 
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and sub-CPUs from the main CPU to monitor them, instead of 
waiting for interrupts. However, it is difficult for the main 
CPU to efficiently perform other jobs during pollin causing 
other, polling-related delays and further performance 
degradation. 

Therefore, an object of the present invention is to provide 
an information processing device, an interrupt control device 
and method, and a program product for implementing such methods, 
to address the stated shortcomings of the prior art. This 
object is achieved by the combination of features set forth in 
the independent claims appended hereto. Other, specific and 
alternate embodiments of the present invention are set out in 
the dependent claims, also appended hereto. 
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Summary of the Invention 

In accordance with an embodiment of the present invention, 
an interrupt control device issuing an interrupt to a central 
processing unit is provided which comprises an object acquiring 
unit for acquiring data or resource (s) for use by the central 
processing unit, an interrupt issuing unit for issuing an 
interrupt to the central processing unit before the object 
acquiring unit acquires the data or the resource, the interrupt 
indicating that the data or the resource has become available, 
and a use delay unit for delaying the use of the data or 
resource by the central processing unit until the object 
acquiring unit acquires the data or the resource if the central 
processing unit which has received the interrupt requests the 
use of the data or the resource before the object acquiring unit 
acquires the data or the resource. 

One aspect of embodiments of the present invention 
include the interrupt control device further comprising a 
setup period change unit for adjusting, over time, the period 
of time between the recognition of the need for the interrupt 
and the actual issuance of the interrupt. This adjustment 
leads to an optimization of the interrupt timing to minimize 
the interrupt handling delays experienced by the CPU and the 
I/O or other devices communicating with the CPU. 

Other aspects of embodiments of the present invention 
include an information processing device comprising the 
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interrupt control device and the central processing unit, 
interrupt control methods incorporating elements of the 
interrupt control device described above and program products 
for implementing such methods. 

The present invention will be described below with respect 
to preferred embodiments of the present invention. However, the 
following description of the embodiment is not intended to limit 
the present invention defined in the claims and not all 
combinations of the features described in these embodiments are 
essential to the solution according to the present invention. 
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Brief Description of the Drawings 

Embodiments of the present invention will be described in 
some detail in the following specification and with reference to 
the following figures in which like elements are referred to 
using like reference numbers and in which: 

Figure 1 shows a hardware configuration of an information 
processing device according to an embodiment of the present 
invention; 

Figure 2 shows a functional configuration of an interrupt 
control device according to an embodiment of the present 
invention; 

Figure 3 shows a flowchart of a process performed in an 
information processing subsystem according to an embodiment of 
the present invention; 

Figure 4 shows a flowchart of a delay process performed in 
the information processing subsystem according to an embodiment 
of the present invention; 

Figure 5 shows examples of the timing of operations in an 
information processing device according to an embodiment of the 
present invention in which; 

Figure 5 (a) shows the timing in a case where data 
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generation/resource reservation by the information 
processing subsystem ends before the CPU requests the use 
of the data/resource, and 

Figure 5 (b) shows the timing in a case where data 
generation/resource reservation by the information 
processing subsystem ends after the CPU requests the use 
of the data/resource; and 

Figure 6 shows an example of a hardware configuration of an 
information processing subsystem according to an embodiment of 
the present invention. 
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Detailed Description of Embodiments of the Present Invention 

Figure 1 shows a hardware configuration of an information 
processing device 10 according to the present embodiment. In 
the information processing device 10 according to the present 
embodiment, an information processing subsystem 50 issues an 
interrupt to a CPU 100 before data or resource to be used by the 
CPU 100 becomes available. This masks the latency between the 
time the interrupt is issued and the time the CPU 100 starts 
interrupt handling, thereby alleviating system degradation due 
to the interrupt overhead. 

The information processing device 10 according to the present 
embodiment comprises a CPU section including the CPU 100, a RAM 
120, a graphic controller 175, and a display device 180, which 
are interconnected through a host controller 182, an 
input/output section including a communication interface 130, a 
hard disk drive 140, a CD-ROM drive 160, and information 
processing subsystem 50, which are connected to the host 
controller 182 through an input/output controller 184, and a 
legacy input/output section including a ROM 110, a flexible disk 
drive 150, and input/output chip 170, which are connected to the 
input/output controller 184. 

The host controller 182 connects the RAM 120 with the CPU 100 
and the graphic controller 175, which access the RAM 120 at a 
high transfer rate. The CPU 100 operates according to programs 
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stored in the ROM 110 and the RAM 120 to control the components. 
The graphic controller 175 obtains image data generated by the 
CPU 100 on a frame buffer provided in the RAM 120 and displays 
it on the display device 180. Alternatively, the graphic 
controller 175 may include an internal frame buffer for storing 
image data generated by the CPU 100. 

The input/output controller 184 connects the host controller 182 
with the communication interface 13 0, the hard disk drive 140, 
the CD-ROM drive 160, and the information processing subsystem 
50, which are relatively fast input/out devices. The 
communication interface 130 provides communication with other 
devices through a network. The hard disk drive 140 stores 
programs and data used by the CPU 100. The CD-ROM drive 160 
reads a program or data from the CD-ROM 195 and provides it to 
the RAM 120 and/or the hard disk drive 140. 

The information processing subsystem 50 cooperates with the CPU 
100 to perform information processing. The information 

processing subsystem 50 includes a data generation device 60 
that generates data to be used by the CPU 100, a resource 
reservation device 7 0 that reserves a resource to be used by the 
CPU 100, and a interrupt control device 80 that issues an 
interrupt to the CPU 100 in order to let the CPU 100 use the 
data generated by the data generation device 60 or the resource 
reserved by the resource reservation device 70. 

The information processing subsystem 50 in the present 
embodiment includes a DSP (Digital Signal Processor) , which is 
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a sub-CPU performing information processing in cooperation with 
the CPU 100. The data generated by the data generation device 
60 for use by the CPU 100 may be data to be provided from the 
information subsystem 50 to the CPU 100, including data 
generated as a result of instruction processing by the DSP and 
data indicating the status of the information processing 
subsystem 50. The resource reserved by the resource reservation 
device 70 for use by the CPU 100 may be a hardware resource 
and/or software resource, including a storage area for storing 
data to be provided from the CPU 100 to the DSP, a memory area 
and I/O area accessible by the DSP, the right to use the DSP, 
and the right of exclusive operation to be obtained by a program 
executed by the CPU 100. 

Alternatively, the data generation device 60 and the resource 
reservation device 70 may be an interface that connects 
input/output devices to the input/output controller 184. In 
that case, the data generated by the data generation device 60 
for use by the CPU 100 may be data to be transferred from the 
information subsystem 50 to the CPU 100, RAM 120, or the hard 
disk drive 140, including data received by the data generation 
device 60 from an input/output device and buffered in the 
information processing subsystem 50 and data indicating the 
status of input/output devices. The resource reserved by the 
resource reservation device 70 for use by the CPU 70 may be a 
hardware resource and/or software resource, including an 
input/output device, the right for using an input/output device, 
and an entry of a data buffer for buffering data to be sent to 
a device external to the information processing device 10. 
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Connected to the input/output controller 184 are the ROM 110 and 
relatively slow input/output devices such as the flexible disk 
drive 150 and the input/output chip 170. The ROM 110 stores 
programs such as a boot program that is executed by the 
information processing device 10 when it is activated and 
programs that are dependent on the hardware of the information 
processing device 10. The flexible disk drive 150 reads a 
program or data from a flexible disk 190 and provides it to the 
CPU 100 and /or the hard disk drive 140 through the input/output 
controller 184. The input/output chip 170 provides connection 
with the flexible disk 190 and with various input/output devices 
through a parallel port, serial port, keyboard port, and mouse 
port . 

A program to be provided by a user to the CPU 100 through the 
RAM 120 is stored in a recording medium such as a flexible disk 
190, CD-ROM 195, or IC card. The program is read from the 
recording medium, installed into the information processing 
device 10 through the input/controller 184 and the RAM 120, and 
executed in the CPU 100. 

A program to be provided by a user to the information processing 
subsystem 50 through the RAM 12 0 is stored in a recording medium 
such as a flexible disk 190, CD-ROM 195, or IC card. The 
program is read from the recording medium, installed in the 
information processing subsystem 50 through the input/output 
controller 184 and the RAM 120, and executed in the information 
processing subsystem 50. 
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These programs or modules may be stored in an external storage 
medium. The storage medium may be an optical recording medium 
such as a DVD or a PD, a magneto-optical recording medium such 
as an MD, a tape medium, or a semiconductor memory such as an IC 
card, other than the flexible disk 190 and the CD-ROM 195. 
Alternatively, the program may be stored in a storage device 
such as a hard disk or RAM provided in a server system connected 
to a private communication network or the Internet and provided 
to the information processing device 10 over the network. 

Figure 2 shows a functional configuration of the interrupt 
control device 80 according to the present embodiment. The 
interrupt control device 80 includes an object acquiring unit 
200, an interrupt issuing unit 210, a use delay unit 220, and a 
timing control unit 226. 

The object acquiring unit 200 acquires data generated by the 
data generation device 60 or resource reserved by the resource 
reservation device 70 for use by the CPU 100. 

The interrupt issuing unit 210 issues an interrupt indicating 
that data or resource becomes available to the CPU 100, before 
the object acquiring unit 200 acquires that data or resource; 
In the present embodiment, the interrupt issuing unit 210 
includes a setup period management unit 212 that manages the 
setup period between the time the data generation device 60 
starts generating data or the resource reservation device 70 
starts reserving a resource and the time the interrupt issuing 
unit 210 issues an interrupt. 
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The interrupt issuing unit 210 issues the interrupt indicating 
that a data or resource has become available to the CPU 100 
after the predetermined setup period starting from the time the 
data generation device 60 starts generating the data or the 
resource reservation device 70 starts reserving the resource but 
before the object acquiring unit 200 acquires that data or 
resource . 

The use delay unit 22 0 delays the use of data or resource by the 
CPU 100 until the object acquiring unit 200 acquires the data or 
resource if the CPU 100 receives an interrupt indicating the 
data or resource has become available and requests the use of 
the data or resource but the object acquiring unit 2 00 has not 
yet acquired the data or resource. 

The use delay unit 220 includes a delay time calculation unit 
222 and a delay processing unit 224. 

The delay time calculation unit 222 receives information about 
the progress of data generation or resource reservation from the 
object acquisition unit 200. When the delay time calculation 
unit 222 receives a request for using the data or resource from 
the CPU 100, the delay time calculation unit 222 calculates the 
delay time required for the object acquiring unit 2 00 to acquire 
the data or resource. 

The delay processing unit 224 selects a delay means from among 
a plurality of different delay means that delays the use of the 
data or resource by CPU 100. The delay processing unit 224 then 
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uses the selected delay means to delay the use of the data or 
resource by the CPU 100. 

The timing control unit 226 controls the timing for the 
interrupt issuing unit 210 to issue an interrupt so that the 
time the CPU 100 which has received an interrupt requests the 
use of data or resource substantially matches the time that the 
object acquiring unit 200 acquires the data or resource. The 
timing control unit 226 includes a time difference measuring 
unit 230, an acquisition time measuring unit 240, and a setup 
period change unit 250. 

The time difference measuring unit 230 measures the time 
difference between the time the object acquiring unit 200 
acquires data or resource and the time the CPU 100 which has 
received an interrupt requests the use of that data or resource. 
The time difference measuring unit 23 0 may also measure latency 
between the time the interrupt is issued to the CPU 100 and the 
time the CPU 100 which has received the interrupt requests the 
use of the data or resource. 

The acquisition time measuring unit 240 measures the acquisition 
time from the time the data generation device 60 starts 
generating data or resource reservation device 7 0 starts 
reserving a resource until the object acquiring unit 200 unit 
acquires the data or resource. 

The setup period change unit 250 changes the setup period, 
managed by the setup period management unit 212 according to the 
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time difference measured by the time difference measuring unit 
230 and the acquisition time measured by the acquisition time 
measuring unit 240. 

In the configuration described above, an interrupt that 
indicates data or resource has become available is issued, for 
example, in the cases described below. 

(1) In the case of data transfer between the information 
processing subsystem 50 and the CPU 100: 

When the information processing subsystem 50 sends data to the 
CPU 100, the data generation device 60 generates the data and 
the interrupt control device 80 issues an interrupt indicating 
that the data has become available to the CPU 100. The data 
generated by the data generation device 60 may be stored in a 
storage area such as memory or a data buffer, for example, in 
the information processing subsystem 50 that is accessible to 
the CPU 100. 

When the information subsystem 50 receives data from the CPU 
100, the resource reservation device 70 reserves a resource such 
as a storage area to store the received data and the interrupt 
control device 80 issues to the CPU 100 an interrupt indicating 
that the CPU 100 can send the data. In response to the 
interrupt, the CPU 100 stores the data to be sent in the 
resource such as the storage area reserved by the resource 
reservation device 70, thereby sending the data to the 
information processing subsystem 50. 
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(2) In the case of allowing the CPU 100 to use a resource in the 
information processing subsystem 50: 

In order to allow the CPU 100 to use a resource in the 
information processing subsystem 50, the resource reservation 
device 70 reserves the resource and the interrupt issuing device 
80 issues an interrupt indicating that the resource has become 
available to the CPU 100. When receiving the interrupt, the CPU 
100 uses the resource in the information processing subsystem 
50. 

In order to cause the CPU 100 to release the resource the CPU 
100 has occupied in the information processing subsystem 50, the 
resource reservation device 70 reserves the resource to be 
released as a resource to be newly reserved by the CPU 100. The 
interrupt control device 7 0 issues an interrupt to the CPU 100 
that causes the CPU 100 to release the resource and indicates to 
the CPU 100 that the CPU 100 may again use the resource. When 
receiving this interrupt, the CPU 100 releases the resource and 
requests to use the resource again, if necessary. The interrupt 
control device 80 does not allow the CPU 100 to use the resource 
until the resource reservation device 70 reserves the resource 
once again. 

More specifically, the interrupt control device 80 issues an 
interrupt for releasing a storage area in the information 
processing subsystem 50 to the CPU 100 when the CPU 100 is using 
the storage area. When receiving the interrupt, the CPU 100 
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performs a process for releasing the storage area. When a 
process other than the process for releasing the storage area 
requests the use of that resource, the interrupt control device 
80 makes the CPU 100 wait until the resource is released and the 
resource reservation device 70 newly reserves the resource. 

As illustrated above, the interrupt control device 80 makes data 
transfer between the CPU 100 and the information processing 
subsystem 50, for example, more efficient and also efficiently 
makes the CPU 100 reserve or release a resource of the 
information processing subsystem 50. 

In accordance with embodiments of the present invention, the 
interrupt issuing unit 210 of the interrupt control device 80 
described above issues an interrupt to the CPU 100 before data 
generation or resource reservation is completed. The data 
generation device 60 or the resource reservation device 
completes the data generation or resource reservation before the 
CPU 100, which has received the interrupt, requests the use of 
data or resource. Thus, delay in use of data or resource due to 
interrupt latency of an OS running on the CPU 100 can be 
avoided. 

If the CPU 100 requests data or resource before the data or 
resource is acquired, the use delay unit 220 delays the use of 
the data or resource by the CPU 100.- This can ensure that the 
interrupt control device 80 allows the CPU 100 to use the data 
or resource even if interrupt latency changes depending on 
operating conditions. 
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The time difference measuring unit 230, the acquisition time 
measuring unit 240, and the setup period change unit 250 change 
the setup period so that the interrupted CPU 100 requests data 
or resource immediately after the object acquiring unit 200 
acquires the use of data or resource. This allows the interrupt 
control device 80 to appropriately control the timing of issuing 
an interrupt to the CPU 100. 

Figure 3 shows a flowchart of a process performed in the 
information processing subsystem 50 according to the present 
embodiment . 

First, the data generation device 60 or the resource reservation 
device 7 0 starts generating data or reserving a resource (S3 00) . 
In particular, the data generation device 60, for example, 
starts an operation such as signal processing for generating the 
data according to an instruction from the CPU 100, or the 
resource reservation device 70 starts a process for reading data 
received from the CPU 100 from a buffer to release a buffer area 
and reserve the area for the use by the CPU 100. 

Then, when the setup period has elapsed since the data 
generation device 60 or the resource reservation device 70 
started the data generation or resource reservation (S3 10) , the 
interrupt issuing unit 210 issues an interrupt to the CPU 100 
that indicates that the data or resource has become available 
(S320) . 

For example, an interval timer provided in the input /output chip 
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170 may be set so that the interrupt issuing unit 210 issues an 
interrupt to the CPU 100 after the setup period when the data 
generation device 60 or the resource reservation device 70 
starts data generation or resource reservation. Alternatively, 
the timing of the execution of an instruction for the interrupt 
issuing unit 210 to issue an interrupt to the CPU 100 may be 
determined on the basis of the setup period in a program that 
runs on the information processing subsystem 50 and generates 
data to be used by the CPU 100. The interrupt issuing unit 210 
may be arranged so as to issue an interrupt to the CPU 100 when 
a part of data to be used by the CPU 100 has been generated. 
The amount of the part of data may be determined on the basis of 
the setup period. 

The interrupt control device 80 receives a request from the CPU 
100, which has received the interrupt, for using the data^ or 
resource corresponding to the interrupt. The object acquiring 
unit 200 acquires the data or resource before or after the CPU 
100 requests the use of the data or resource. 

If the object acquiring unit 2 00 has not yet acquired the data 
or resource at the time the request for using the data or 
resource is received, the use delay unit 22 0 delays the use of 
the data or resource by the CPU 100 (S340) . If the delay 
required for the object acquiring unit 200 to acquire the data 
or resource is long, the delay processing unit 224 may use a 
delay technique that causes the CPU 100 to return from the 
interrupt and then causes the interrupt to be generated again 
immediately before or after the object acquiring unit 200 
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acquires the data or resource (S350) . In that case, the process 
returns to step S310. 

On the other hand, if the time required for the object acquiring 
unit 200 to acquire the data or resource is short, the delay 
processing unit 224 may use a delay technique that causes the 
CPU 100 to request the data or resource by polling (S3 50) . When 
the object acquiring unit 200 acquires the data or resource, the 
process proceeds to step S360. 

Next, the use delay unit 220 allows the CPU 100 to use the data 
or resource obtained by the object acquiring unit 2 00 (S3 60) . 
Then the setup period change unit 2 50 changes the setup period 
on the basis of a time difference measured by the time 
difference measuring unit 23 0 and acquisition time measured by 
the acquisition time measuring unit 240 (S370) to adjust the 
timing used by the interrupt issuing unit 210 to issue the next 
interrupt when data or resource (s) are acquired. Each time a 
data segment is sequentially generated or when one or more 
resources are reserved, the information processing subsystem 50 
returns to step 300 to perform the process from step 300 to step 
S370. 

At step S370, the setup period change unit 250 may change the 
setup period on the basis of a plurality of time differences 
measured by the time difference measuring unit 230 and a 
plurality of acquisition times measured by the acquisition time 
measuring unit 240 as a result of a plurality of iterations of 
the process of Figure 3 . 
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Figure 4 shows a flowchart of a delay process performed at step 
S340 of Figure 3 in the information processing subsystem 50 
according to the present embodiment. 

When the CPU 100 which has received an interrupt requests the 
use of data or resource corresponding to the interrupt, the 
delay time calculation unit 222 calculates the time required 
from the receipt of the request to the acquisition of the data 
or resource by the object acquiring unit 200 (S400) . For 
example, the delay time calculation unit 222 may calculate the 
delay time on the basis of the ratio of the amount of data 
generated by the data generation device 60 before the reception 
of that request to the amount of the data that the generation 
device 60 should generate. Alternatively, the delay time 
calculation unit 222 may calculate the delay time on the basis 
of the progress of the process performed by the data generation 
device 60 or the resource reservation device 70. 

If the delay time is shorter than a predetermined threshold 
(S410), the delay processing unit 224 causes the CPU 100 to 
perform polling to request the data or resource (S420) . On the 
other hand, if the delay time exceeds the threshold (S410) , the 
delay processing unit 224 causes the CPU 100 to return from the 
interrupt handling (S430) . Then the delay processing unit 224 
causes the setup period change unit 250 to set the timing of the 
re-issuance of the interrupt by the interrupt issuing unit 210 
so that the interrupt issuing unit 210 re-issues the interrupt 
to the CPU 100 at a point of time close to the timing of the 
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acquisition of the data or resource by the object acquiring unit 
200 (S440) . The setup period management unit 212 manages the 
setup period for the re- interrupt separately from the setup 
period used at step S300 in Figure 3. 

Step 42 0 or S440 described above allows the delay processing 
unit 240 to delay the use of the data or resource by the CPU 100 
until the object acquiring unit 200 obtains the data or the 
resource. The use delay unit 220 can select an appropriate 
delay means from among delay means for polling delay and re- 
interrupt delay to minimize the overhead needed for interrupt 
handling. Alternatively, the use delay unit 220 may select one 
of more than two delay means depending on delay time. 

Figure 5 shows exemplary timings of operations in- the 
information processing device 10 according to the present 
embodiment . 

Figure 5 (a) shows an example in which data generation or 
resource reservation by the information processing subsystem 50 
ends before the CPU 100 requests the use of the data or 
resource. Figure 5 (b) shows an example in which data 
generation or resource reservation ends after the CPU 100 
requests the use of the data or resource. 

In Figure 5, the data generation device 60 or the resource 
reservation device 70 starts a sub-process 510 for generating 
data or reserving a resource, concurrently with the main process 
500 in the CPU 100. After the setup period Ts elapses, the 
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interrupt issuing unit 210 issues an interrupt to the CPU 100. 
When receiving the interrupt, the CPU 100 activates interrupt 
handling 520. Then the CPU 100 requests the use of the data or 
resource corresponding to the interrupt in the interrupt 
handling 520 to the information processing subsystem 50. In 
Figure 5, Tl indicates latency from the time the interrupt 
issuing unit 210 issues the interrupt to the time the CPU 100 
requests the use of the data or resource corresponding to the 
interrupt . 

The information processing subsystem 50 ends the sub-process 510 
after the completion of data generation or resource reservation. 
The acquisition time measuring unit 240 uses, for example, a 
real-time clock to measure the generation time Tg elapsing from 
the time the data generation device 60 or the resource 
reservation device 70 starts generating data or reserving a 
resource until the object acquiring unit 200 acquires the data 
or resource. 

If the object acquiring unit 200 has acquired the data or 
resource at the time the CPU 100 requests the use of the data or 
resource, the use delay unit 220 allows the CPU 100 to use the 
data or resource without delay (Figure 5 (a) ) . In that case, 
the time difference Dt measured by the time difference measuring 
unit is a positive value because the information processing 
subsystem 50 receives the request for the use of the data or 
resource after it acquires the data or resource. 

On the other hand, if the object acquiring unit 200 has not yet 
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acquired the data or resource at the time the CPU 100 request 
the use of the data or resource, the use delay unit 22 0 delays 
the use of the data or resource by the CPU 100 (Figure 5 (b) ) . 
In that case, the time difference Dt is a negative value because 
the information processing subsystem 50 receives the request for 
the use of the date or resource before it acquires the data or 
resource . 

If the delay Td is equal to or greater than a threshold, the 
delay processing unit 224 first causes the CPU 100 to return 
from the interrupt handling 520 to the main process 500 and then 
causes the interrupt issuing unit 210 to re-issue the interrupt 
after the delay time Td elapses, as shown in Figure 5 (b) , for 
example . 

The setup period change unit 250 may use one of the following 
methods to adjust the setup period, for example. 

(1) Using the average value of time differences measured by the 
time difference measuring unit 230 to change the setup period. 

For example, the setup period change unit 250 may change the 
setup period Ts so that the average of the time differences Dt 
becomes substantially zero. In particular, the setup period 
change unit 2 50 changes the setup period Ts so that the average 
value of the time differences Dt becomes a predetermined 
positive value. The setup period Ts is preferably a small value 
compared with the interrupt latency Tl . In this way, the setup 
period change unit 250 can adjust the setup period Ts so that 
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the object acquiring unit 200 receives a request for data from 
the CPU 100 immediately after the object acquiring unit 200 
acquires the data or resource in average cases . 

The setup period change unit 250 may calculate the average of 
the past n time differences or may calculate the weighted 
average . 

(2) Using distribution of time differences measured by the time 
difference measuring unit 230 to change the setup period. 

For example, the setup period change unit 250 changes the setup 
period Ts so that a predetermined percentage, 90% for example, 
of time differences Dt becomes approximately zero or less. In 
particular, the setup period change unit 2 50 changes the setup 
period Ts so that a predetermined percentage of time differences 
Dt becomes a predetermined positive value. The setup period Ts 
is preferably a small value compared with the interrupt latency 
Tl. In this way, the setup period change unit 250 can adjust 
the setup period Ts so that, for the predetermined percentage of 
interrupts, the CPU 100 can use, without delay, the data or 
resource that it requests. 

(3) Using time differences measured by a time difference 
measured by the time difference measuring unit 230 to gradually 
change the setup period. 

For example, if the CPU 100 receives an interrupt and requests 
the use of data or resource before the object acquiring unit 2 00 
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acquires the data or resource, the setup period change unit 250 
may change the setup period to a smaller value. On the other 
hand, if the CPU 100 receives an interrupt and requests the use 
of data or resource after the object acquiring unit 200 acquires 
the data or resource, the setup period change unit 250 may- 
change the setup period to a larger value. The setup period 
change unit 250 performs this process for a plurality of 
interrupts so that the setup period Ts gradually moves closer to 
an optimum value. 

The setup period change unit 2 50 may set the setup period Ts on 
the basis of a acquisition time or times Tg, a time difference 
or differences Dt, and an interrupt latency or latencies Tl in 
the processing of one or more interrupts. Alternatively, the 
setup period change unit 250 may set a new setup period Ts on 
the basis of a setup period or periods Ts and a time difference 
or differences Dt in the processing of one or more interrupts. 

According to the interrupt control device 80 described above, 
the time difference measuring unit 230, acquisition time 
measuring unit 240, and setup period change unit 250 in the 
timing control unit 22 6 can be used to set an appropriate setup 
period on the basis of the average or distribution of time 
differences. Furthermore, the setup period can be gradually 
made closer to an optimum value on the basis of time differences 
measured by the time difference measuring unit 230. As a 
result, the interrupt control device 80 can optimize the timing 
of interrupts to the CPU 100, thereby reducing system 
performance degradation due to interrupt overhead. 
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Figure 6 shows an example of a hardware configuration of the 
information processing subsystem 50 ■ according to the present 
embodiment. The information processing subsystem 50 includes a 
DSP 600, an instruction memory 610, a data memory 620, and a bus 
interface 630. 

The DPS 600 operates according to programs stored in the 
instruction memory 610 to accomplish information processing in 
cooperation with the CPU 100. The instruction memory 610 stores 
a program for causing the information processing subsystem 50 to 
function as the object acquiring unit 20 0, the interrupt issuing 
unit 210, the use delay unit 220, and the timing control unit * 
226. The data memory 620 stores data used by the DSP 600. The 
bus interface 63 0 enables data transfer between the information 
processing subsystem 50 and the input/output controller 184. 

A program installed in the instruction memory 610 in the 
information processing subsystem 50 and executed to cause the 
information processing subsystem 50 to function as the data 
generation device 60, the resource reservation device 70, and 
the interrupt control device 80 comprises a data generation 
module, a resource reservation module, an object acquiring 
module, an interrupt issuing module including setup period 
management module, a use delay module including a delay time 
calculation module and delay processing module, and a timing 
control module including a time difference measuring module, 
acquisition time measuring module, and setup period change 
module. These programs or modules cause the information 
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processing subsystem 50 to function as the data generation 
device 60, resource reservation device 70, object acquiring unit 
200, the interrupt issuing unit 210 including the setup period 
management unit 212, the use delay unit 220 including the delay 
time calculation unit 222 and delay processing unit 224, and the 
timing control unit 226 including the time difference measuring 
unit 230, acquisition time measuring unit 240, and setup period 
change unit 250. The programs or modules described above are 
loaded into the instruction memory 610 from the input/output 
controller 184 through the bus interface 630. 

The data memory 620 includes a sending memory area 650, an 
availability flag 660, a delay indication flag 662, a receiving 
memory area 670, an availability flag 680, and a delay 
indication flag 682, which are managed by the object acquiring 
unit 200. 

The sending memory area 650 stores data generated by the data 
generation device 60 and obtained by the object acquiring unit 
200. The data stored in the sending memory area 650 is to be 
sent from the information processing subsystem 50 to the CPU 
100. 

The availability flag 660 is a location in which a flag value of 
"1" , which indicates that data to be sent to the CPU 100 is 
available, is written by the object acquiring unit 200 when the 
data is stored in the sending memory area 650. 

The delay indication flag 662 is a location in which a flag 
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value of "1", which indicates that a delay time calculated by 
the delay time calculation unit 222 in the generation of data to 
be stored in the sending memory area 650 is equal to or greater 
than a threshold, is written by the delay processing unit 224. 

The receiving memory area 670 is a resource reserved by the data 
generation device 60 and acquired by the object acquiring unit 
200 and stores data received from the CPU 100. 

The availability flag 680 is a location in which a flag value of 
"1", which indicates that the receiving memory area 670 is 
available for storing data received from the CPU 100, is written 
by the object acquiring unit 200 when that resource has become 
available. 

The delay indication flag 682 is a location in which a flag 
value of "1", which indicates that a delay time calculated by 
the delay time calculation unit 222 in the reservation of the 
receiving memory area 670 is equal to or greater than a 
threshold, is written by the delay processing unit 224. 

The information processing subsystem 50 operates as described 
below to send data to the CPU 100. First, at step S300 in 
Figure 3, the delay processing unit 224 writes in the 
availability flag 660 a flag value of "0" indicating that data 
is not available and also writes a flag value of "1" in the 
delay indication flag 662. As a result, the delay processing 
unit 224 indicates to the CPU 100, which refers to the 
availability flag 660 and the delay indication flag 662 through 
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the bus interface 630, that all of the data is not stored in the 
sending memory 650 and therefore the use of the data should be 
delayed because the data is not available, and the delay time is 
equal to or greater than the threshold and therefore the CPU 100 
should wait for a re-interrupt. 

The delay processing unit 224 writes "0" in the delay indication 
flag 662 when the delay time becomes below the threshold. Thus, 
the delay processing unit 224 indicates to the CPU 100 that the 
delay time is less than the threshold and the CPU 100 should 
request the data by polling and so as to delay using the data. 

After the object acquiring unit 200 acquires the data and stores 
it in the sending memory area 650, the delay processing unit 224 
writes the flag value "1" in the availability flag 660. Thus, 
the delay processing unit 224 indicates to the CPU 100, which 
refers to the availability flag 660 and the delay indication 
flag 662 through the bus interface 630,, that the data is stored 
in the sending memory and is available. 

On the other hand, in the case where the information processing 
subsystem 50 receives data from the CPU 100, the information 
subsystem 50 operates as follows. First, the delay processing 
unit 224 writes a flag value of "0" in the availability flag 680 
to indicate that the resource is not available to the CPU 100 
and writes a flag value of "1" in the delay indication flag 682. 
Thus, the delay processing unit 224 indicates to the CPU 100, 
which refers to the availability flag 680 and the delay 
indication flag 682 through the bus interface 630, that the 
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receiving memory area 670 is not available and therefore the CPU 
100 should delay using that resource and the delay time is 
greater than or equal to the threshold and therefore the CPU 100 
should wait a re-interrupt. 

When the delay time becomes less than the threshold, the delay 
processing unit 224 writes the value "0" in the delay indication 
flag 682. Thus, the delay processing unit 224 indicates to the 
CPU 100 that the delay time is less than the threshold and the 
CPU 100 should requests the resource by polling to delay using 
that resource. 

When the object acquiring unit 2 00 acquires the receiving memory 
area 670 and the resource becomes available, the delay 
processing unit 224 write the flag value "1" in the availability 
flag 680. Thus, the delay processing unit 224 indicates to the 
CPU 100, which refers to the availability flag 680 and the delay 
indication flag 682, that the receiving memory area 670 is made 
available and the CPU 100 can writes data in the receiving 
memory area 670. 

While the present invention has been described with respect to 
the illustrated embodiments thereof, the technical scope of the 
present invention is not limited to the embodiments shown. As 
will be obvious to those skilled in the relevant arts, various 
changes or improvements can be made to the embodiments. It will 
be appreciated from the claims that embodiments to which such 
changes or improvements are made also fall within the scope and 
spirit of the present invention. 
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For example, if the hardware configuration of the information 
subsystem 50 includes input/output devices and a DMA controller 
but not includes an instruction processing device such as a CPU 
or DSP, the programs or modules that implement the use delay 
unit 22 0 and/or the timing control unit 226 may be executed on 
the CPU 100. 

In that case, the CPU 100 functions as the use delay unit 220 in 
interrupt handling and determines whether or not it should delay 
using data or resource. The CPU 100 may choose to request the 
use of the data or resource by polling in interrupt handling or 
to perform operations which would be performed by the use delay 
unit 22 0 and the setup period change module 250 to set a re- 
interrupt and then return from the interrupt handling. 

Furthermore, the CPU 100 may function as the timing control unit 
22 6 to change the setup period depending on whether the object 
acquiring unit 200 has acquired data or resource when requesting 
the use of the data or resource in interrupt handling. 

Moreover, the information processing subsystem 50 may issue an 
interrupt to the CPU 100 to request data or resource before 
using the data or resource, thereby masking the latency until it 
uses the data or resource. 

That is, the interrupt issuing unit 210 issues an interrupt to 
the CPU 100 to request the use of the data or resource before a 
processing device such as a DSP 600 in the information 
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processing subsystem 50 uses the data or resource. Then, the 
use delay unit 220 delays the use of the data or resource by the 
processing device if the processing device requests the use of 
the data or the resource before the CPU 100 makes the data or 
resource available to the processing unit. 

The timing control unit 226 may control the timing of issuing 
the interrupt in a manner similar to step S370 in Figure 3. 

Furthermore, the information processing subsystem 50 may be a 
different information processing device provided separately from 
the information processing device 10 and operating in 
communication with the information processing device 10. 
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